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ABSTRACT 

This report discusses many of 'the economic and policy 
quest ipns related to the widespread introduction of solar power, 
presents recent progress in developifig solar technologies and 
advancing their economic feasibility, and reviews some 
recommendations that have been made for adhieving the early 
introduction and sustained application of solar technology, including 
suggestions for improving the fe'deifal solar energy program. Some of 
the toj^ics included are: ^solar thermal energy, photovoltaic solar 
cells, biomass, wind energy conversion, s^mall-scale hydropower, ocesan 
tKermal energy conversi^^n, and energy stps^age. (BB) 
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Our .energy dilemma is both real and complex. It can be .characterized, 
however, by three ^sdLmple but important .observations. 

^ Today, oil and gas provide -75 percent of the energy "^at we consume. 
Yet domestic production of both has been declining for most of this decade," 
and excessive Imports of these fuels' are already hurting the United States 
economy. " ' ■ ^ - * 

^ , ^ We In the United States, have been extravagant in our use of ener^. 
Our inefficient energy habil^V are costly both in terms ot economic health - 

k ' ' - 

and environmental quality. The case for doing better is ^elear: we can 
reduce the amount of energy required to, meet our present needs by 20 to 40 - ^ 
percent through technical improvements;- we can generate more, jobs by investing 

in energy conservation than in energy supply. ' 

^ ■ ■ ' • . ■'i 

^ Despite the great potential of energy conservation, it alone, will , 

not be suffi^ent. We must^ also shift ^rbm oil and' gas to other sources of , 

: ' ' ' ' 

supply. Yet, the two most readily available, coal and nuclear power, are 

constrained by environmental and \soclal problems. ^ • 

It should not be surprls^ftg then that many of us in government ^and 

el^^where are returning again co the questions-: -TOiat can we rieasonably expect 

# . ^ . • A\-" 

of solar ehef^? And how soon? • > 

■ ' - ' " . ^ ' I ' : 

Hav:^^ ^^^nined the issue, our conclusion^ is that the prospects for 

solarSenerfey^^^^ T>rlghter than most imagine. The vie^i; o£> solar energy as 

a rather exotic energy 'source of little practical significance f rom ^the 

standpoint of our large energy requirements is no longer justified, ^d 



never have^^Bfeen. ^ 
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This report sununarizes the recent ^technical and" economic^rogress" 
which has led to this mc^re optimistic evaluation of solar technologies and 

: - * - \ - : W. 

reviews the recommendations that have been offered ""f or speeding their 
widespread use -in the United ""Siiates and abroad, .^though it^is-not compr^- 

hensive, this report should provide a point of depai:ture for those interested 

■- . .. • ■ / - . ■ - - ^' 

in better underg^tanding the ^portant role that .so^far technologies could 

■ - - • '" >^ ^ ' -. ' 

play.ln our energy feature.. y • v- * > 

^Based on-our review, ' the Council on Environmental Quality has , reached 

sooe tentative conclusions about what woiil^ be reasonable goals for the ' 

United States in this vital 'ai^ea. No one's crystal ball works very well" in 

examining energy ^futures i but based on available information and recognizing 

•the uncertainties, we view the ^following goals as optimistic but achievable 

'^.If we commit the necessary .resources to them: . \ . 

° To make economically competit4.ve over. the remainder of the century 

a variety of- solar technologies ^f or the production of heat, electricity 

and biofuels. ' - , . 

"•^ - - 

^To meet,- by the turn c^;th,e century, a .^significant portion of our 
energy needs with solar energy^ Although .the actual contribution of solar 
energy will .depend on an enormous number of decisions ^by the public and 
private sectors, we believe that , un4er conditions of accelerated development^ 
and'^wit.h a serious ef f o'rt ^to 'conserve energy, |blar technology could meet - 
a quarter of our energy needs" by the yfear 2000. - . - ^ 

° To move, in the peis^od beyond tie turn of the century, to . 

— ^ < . \ ■ ♦ ^ 

a society based predominantly on solar energy. It is npw possible- tp 
spekk realistically of the United States becoming a s-olar^ociety-*^ A 
^goalj' of ' providing significantly more^-than one-half our energy from 



solar sources by the year ,^020 should be achievable if our commitment to. 
that goal and to conservation is strong. This- transitxon to jjrimary 

■ ■ . ' ^ • - •.. ■ 

reliance oniffDlar 'energy "will requite relia^ice -on" a wide* variety of solar 
'^approaches: heat from-solar collectors and from passive designs for- new 

i: ' ^' '■ . . 

'structures; elfectricity from small dams,, wind turbines, photovoltaxc cells, 
•and high-temperature collectors; and gaseous and liquid fuels from biomass. 

The- fact that it is now possible to discuss this^olAr future realisti- 
cally may be th^' most exciting energy news of our generation. It is a future 

■ * ^ •". / 
that deservt^s to be_^explored and pursued vigorously-. 

' . . "V -. < - ■ , 

The "U. S. |solar effort could not hope to succeed without a continuation 

■ / ^ , . ' y ^ ' 

of the dedication and ingenuity , that have characterized the efforts of 

pr:i^te cqqqsanies , '^^^s ,^ and individuals over the past few years. Because 

of these -efforts, we can .now say with assurance that solar energy, xn its 



many foyy^ and'with its many advantages — -above^am, -its promise, of true 
energy-Sndependence in an environmentally benign way — is in fact our 
besc h jpe. . .. ' ' 
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I, Solar Energy l^rospects^ An Overvlev 

* ■ Even with substantial conservation"- efforts, world energy demand is 
expected to double in 20' to 30 years. At roughly the same time, world 
production of oil and gas is anticipated to level off — possibly beginning* 
in the 1980 's in the case of oil. \ - , - . . • ; " 

Caught between these forceful and ominous -trends , the United States- 
- and other countries must make far-reaching^ changes in their energy systems 
within a few decades. Because the lead time's involved are long, these 
changes 'must begin now. \ *■ ' • 

The principal alternative energy sources for the United States are 

/ ' ' '3 

coal, nuclear power, and,"solar (direct and indirect). As recognized in ^ 



■ the National Energy Plan, all of these options will be used in the years' 

ahead, but recent developments have increased concern with both coal ^and 

-.'^ ' ' " - - 

^ nuclear as longer-term supply options and have provided the basis for 

greater optimism regarding solar. The considerations are such that mkny 

' " J- ' ' ■ 

> thoughtful persons now believe we should adopt national and international 

.V ^ , 
- strategies aimed at shifting as rapidly as possible — perhaps with:W a 

few decades — to a society, based- predou^nantly on solar energy 

^ /, - ' " * ' 

Energy is derived from the sun in several forms — direct -sunlight, 

wind, falling water, plant material (biomass) , and ocean temperature 

\ " ' ■ ' 

A gradients. \ Solar -energy in general has certain rather obvious, but very - 

' ^ \ 

important, characteristics: . . * , 

• ■ - , >' 

~* It is abundant and ^renewable. Huge amount^ of solar ep^ergy are 

- potentially usable. Solar energy flows through the earth's natural system 

at a rate about' 10,000 times greater, than all energy from the world's 

♦ 
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fossil- and nudear^^powered macljincs.* In principle^ with an average 
collection efficiency of only 15 percent. — achievable with present 



8 ^ - 

roughly 1 percent of our land area. As a perspective, approximately 17 



technologies — all of our current energy needs could be met ^y using 

percent of our land area is now used for cropa, A recent study of^ 

California ^e?xplored the out^look for total reliance in the", state on> solar 

9 

and geothermal energy, along^with a strong emphasis on conservation. The* 
study -recognized some drawbaclcs, but concluded that-^ from th^ standpoint of 
resources and technology, it should be possible to operate an advanced^ 

society in California solely on "indigenous renewable resources" - — even 

> 

with a population nearly twice the present size and ah economy nearly four 
times as great. ^ ' . 

* It is universally available and not as vulnerable to large-scale 

human intervention whether by strikes, embargoes, fuel price boosts, or 

■ . " / ■ 

anti-trust agreements, 

- 

* Its environmental impacts are minimal. With careful desigp*' and " 
—operation, solar energy technologies can be expected to have far fewer and 

> 

far smaller detrimental effects than conventional sources providing 

10 • 

equivalent amounts of energy, ^^^^nlike coal, solar poses little risk to 

climate *and creates little direct air pollution; unlike nuclear, it poses 

no radioactive hazards, and no risk of nuclear weapons proliferation. The 

principal impacts of solar energy are on land use; ated even in that 

respect it may compare favorably with alternative sources of energy when 

^ • 
the entire cycle of the energy* system is considered, 

*• Itl effects on the economy and employment are highly beneficial. 

Widespread adoption of the various solar technologies- would create an 



enormous number of jobs of many types — from welders to pliimbers, from 

< 

slieet-metal workers to electrical engineers, from architects to carpenters. 

\ 

Several studies, as well as some new preliminary data to be published . 

... .„...„.. .... ....... ^ 

systems will generate between two and five times as many jobs as the same 
expenditure foir central station electric powers plants. Similar 

conclusions follow from a recent analysis employment implications 

' 12 ■ ■ 

of solar energy development in California. The study estimated that 

widespread use of solar space- and wa^ier-heating systems to help -aneet the 
statejs -tenergy needs ^lone-bould generate more than, 375,000 jobs i^er year 
during the coming decade, cutting California's ^employment rate nearly in 
half. 

All these attributed of; solar energy indicate that it has the potential 
to be a leading source of U.S. energy supply, not just a supplement. Indeed, 
from the standpoint of t^^nology and resources, there, appears to be no 
reason why solar energy cannot meet most of our ^eds, given adequate 
ef f^ts to increase energy ef?ljCiency. 

That leaves these critical ques^ons to be answered. For the^ various" 

> 

forms of solar energy, how long^ill it take^ to reach full techho logical , 
"and economic feasibility? • Will government, industry, and l:he public take 
the initiatives necessary to overcome the barriers to soJjar development ^ 
and to capitalize fully on its potential? .^What share of national and 



international energy demand will solar technologies be able meet? 

It is important to keep in mind that long-range commitments, and 
long-range action, are needed^ If. solar energy is to provide a major 
recourse- for '-the fast approaching time when oil and gas go into decline, 
an early and sustained commitment to its development is essential. 



It is also important that cotoparisons between solar energy and other • 

en^ergy systems be made equitably. Many current economic comparisons are 

z ' 13 • - L 

seriously inadequate and incomplete. They do not, for examplfeu cover 

an adequate range of "^osts and benefits — or subsidies and externalities — 

through the complete Aiel cytfie.^ For, example, in comparing solar energy to 

coal and nuclear, a fd^ ^d^gtir analysis should* include such frequently 

ignored cost items as occupationally related deaths and injuries, environ'^ 

mental damage, the ecological -and aeisthetic impacts of transmissign lines, 

security aiid accident risks, government assistance, insurance^ and tax 

subsidies, and so forth. One recent analysis concludes that present 

i'corporate income tax deductions and credits provide gas and electric 

14 

utilities witl/ a negative or zero income tax for new investment. .The 

— I III I J 

overall cost -to< the nation o'f inceiitiVes used by the Federal Government to 
stimulate energy production in the last several decades has been well over 
$100^ billion (1976 $) ^^^^ Convent: ion al en ergy systems, including, fossil, 
nuclear" and large-scale hydro, received essentially all of the ftinds. 

What, then^ is the prognosis for solar energy development? The 

' - * * * *■ 

evidence available today, and .reviewed in the following sections of this 

"Teport, indicates the following: 

o Solar energy is 'already a serious option with ^numerous applications 

at or near/commercial feasibility.^^ Most prominent in this regard are 

> 

solar hot water heating, solar space heating and cooling, small scale 
hydropower, wind, and fuels from biomass. Nonetheless, significant 
barriers still exist to increased use c^f this resource. In some cases, 
they are institutional; in others, further research, development and industry 
growth are needed to bring costs down to competitive levels. It^ all J^ases, 



there ^^re governmental actions which could substantliilly reduce the period, 
required for the meaningful introduction of each solar technology. 

o The past few years have seen remarkable progress in solar economics^ 
and technology, and rapid improvements are expected to continue. There 
are good grounds for believing tha-t , with appropriate private and govern- 
mental support , -solar energy can contribute in . a major way in this centUry 
to meeting Qur n6eds for heat, liquid fuels and electricity. ^Though' 
estimates. of solar's potential growth are hazardous and must be viewed with 
caution, CEQ's conclusion — reflected in the Table on page 6 ■ — is that ^ 
fij^m 20 to 30 quads, (quadxill ion or 10 Btug) per year from solar sources 
appear possible by the year 2000, if we push ahead rapidly. For comparison, 

current U.S. energy consumpjLion is about 76 quads /year, f : '^hich come 

< 

from solar sources. Our conclusion is that with a strong national commitment 
to accelerated solar development and use, it should be possible to derive a 
quarter of U.S. energy from solar by ttie year 2000, with the major growth 
occurring after 1985. - " 

o For -the period 2020 and beyond, it is now possible to speak hope- 
fully, and unblushingly , of the United States becoming "a solar society. A 
national goal of providing significantly moreTthan half of our energy from 
solar sources by the year 2020 should be achievable if our commitment to 



that* -goal and to energy conservation is strong. As the Table cn p. 
indicates, this transi&t ion „to primary reliance on solar energy w: ^1 requi. . 



the' treat ive and extensive application of the range of sophis tic- zed solar 
technologies" described in this" report. 

The following sections "of this rej^ort discuL^'^^ny of the economic 



and policy questions related to the widespread' iotro^Kiction of solar power 
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CEQ ESTIMATES OF MAJKMDIKSOLAR CONTRIBUTION TO 
ENERGY SUffPLY UNDER CONDITIONS OF , ' 
ACCELERATED DEVELOPMENT 

(Units: quads per year/ of displaced fuel) 

vb 



U.S, 



Heating and Cooling 
(Active and Passive) 

Thermal Electric 

^Intermediate Temperature 
Systems 

Photovoltaic 

Biomass 

Vihd 

Hydrogpwer 

Ocean Thermal Energy 
\ Conversion 



1977^ 
Small 

None 
None 



Small 
1.3 ^ 

Small 
3 ■ 
Noue 



2000 
2-4 

0-2 
2-5 



2- 8 

3- 5 

4- 8 
4-6 
1-3 



2020 
5-10 

5-10 
5-15 



10-30 
5-10 
- 8-112 

4- 6 

5- 10 



""Total, U.S* energy demand in 1977 was 76 quads. Estimated total U.S. energy 
demand is from 80 to 120 quads for -the year 2000" and from 70 to 140/quads 
for the year 2020* ' . . 



(a) A quad is a quadrillion' or 10 Btus. Electricity is converted to 
equivalent fuel that would have to be burned at a power plant to 
supply the same amount of power. ^The conversion rate used here is 
10,000 Btu per kilowatt-hour. * - , 

(b) The estimates in thfese columifs are not strictly additive. The 
various solar electric technologies will be competing with one 
another, and their actual total contributions w^ll ^e less than 
thfe sum^ of their individual contributions. >. 
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Part II addresses the .recent encouraging progress in developing solar > 
technologies and at^ancing their economic feasibility. I'art III reviews > 
some recommendations that have been made f or"^ achieving the, early introduc- 



tion and sustained application of solar- technology. These include 
suggestions for ipprpving the federal solar energy , program. 
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II. Progress in Solar Energy DeveXopment ^ 

Until recently, conventional wisdom insisted .that solar' technol^- 
gies'^could be a major source of energy only in the very long term. This 
view now is questioned increasingly because of rapid advances' in solar 
development. Recent advances- include fresh scientific ii^vations as 
well as steady improvements in the technological and economic -^r- 
*^foirmance of existing devices. - • ^ : . 

There has been particular progress in solaiT hot-water and spage 
heatiag. JDptimism also has groyn. regarding other small-jscale, on-site 
solar ^"iie^gy devices, such as those capable of providing both ele'fctrical 
energy and heat 'for ,a building or mechanical power for an irrigation 
pump."^^ Within the last year alone, there have been many other encourr: 
aging ^igns —less costly and more reliable windmills are. being con- 
structed; more ef f i^^it^prbcesses are being developed to convert^^ 




organic materials to gaiseous and liquid fuels; the nxamber of solar- ^ 
heated houses has incre^sed^ dramatically ; the cost of photovoltaic ^, 
cells has dropped shaiply; .and the development of small, solar-actuated 
engines has progressed.^^bstantially. 

ere is a short review of this progress and the status of the major 
^olar alternatives. ' - . ' ^ ■ 

A. Siolar Thermal ^ - ' 

The most straightforward way to tap the sun's energy is by col- 
lecting it in the f^m ^of 'heat. This can be done directly through' a 
roof or windows, or with special collection equipment. Systems designed 
to provide hot water and space heating for buildings are the principal 
examples;- though there are other important applications, such as in 



agricultural ..crop drying. . . ■ . 

These ai:e f ar '^om a new concept. In the. 1940' s, there were tens 
of thousands of solar heating systems in th^2<&^imtry, chiefly in Florida. 
The advent of cheap natural gas made them obsolete. . Because the temper- 
atures required by such solar heating systems are. relatively low, solar • 



collectors for them can be comparatively simple. ' - . 

• \- ■ -■ . . \ 

Other uses of solar thermal energy — for example,, space cooling, 

electricity generatioi;!, and solar-actuated heat engines^ — typically 

• ■ * ' * 

require much higher temperatures .and more technologically ^complex 
collectors. We review below three-^ bate^oriies of solar thermal systems • . 
They are distinguished chiefly by the temperatures achieved*! - 

■-■^ ' • - ■ 

Solar Heating and Cooling - Of all the possible applications of 

\ 

solar energy, water heating and building space heating are the most 

> 

' 18 ' ' " 

advanced and the most nearly economic. Generally, the so-called 

"active" solar systems use flat trays called collectors which first trap 

the sun's heat. " The front of ' each tray donsists of a transparent 

material such as glass. Solar radiation passes through this material to 

a black metal surface at the back where it is al^orbed. A fan or pump 

circulates a fluid — usually water or air through *;the hot collectors 

removing the heat. ' The heat ^ may .be used immediately to- warm the 

building or may be stored in rock^ water, or some other substance for 

^''late'^ use. . > 

t.' - ■ fr 

• SoJ-ar collectors can also be used in combination with a heat pump. 

,< . 

By using the collectors to raise the temperature of the%utside source 
from'which the heat ptimp derives its heat, the pump's efficiency can be 
substaj^ially increased. This more efficient combination of collectors 
and' pump can substantially reduce the need f or " suppl.ementary heat. 
JC . _ 9 ^ ' 



Of major importance, too, are "passive'* heating systems, ^w^ich use 
,-hfgJaly energy-efficient* architectural designs to minimlTze the need for 
'^conventional fuels or active solar system equipment. Such desi^s might 

. inplude large windowed areas^facing • south to take in winter sunshine, 

^ u ■ 

with overhangs to keep out excessive heat in the summer. Othet* -features 
,of some passive systiems are earth berms or reduced window surfaces 

facing other directions to cut down he;at losses in cold weather, 

I • * 

shutters,, special ce'^ling tiles, and other building materials. 

Passive^ systems, ^which store heat in walls or floors, ar^ highly 

efficient thermally, arid it is ^quite-fe^sible to cut heating fuel needs 

1/9 . - 

in half or ;nore»7 *A new: Experimental classroom jbuilding at the Mas- 
sachusetts Institute of Technology, using only passive solar features, 

is expected^ to derive 85 p'^cemt of its heating needs from the sun. 

^ ■ ■ . ■ 

-^n addition, passive techniques typically add* little to' the cost of 

a house. They are reliable and consist of few, if any, moving parts. 

Unfortunately, they normally cannot be added to existing buildings, 

- except at considerable cost. . ^ 

Direct solar energy, cooling systems work on a variety of Prin- 
ze* ' ' '5 
' ■ % 

^ ciples. Technological feas*ibility of several designs has been demon- 
^strated, biit further development work is needed before ^the systems will 
be ecdnomically competitive. \ 

"A number of ' studies have concluded that" on-site solar equipment can 

. now, produce hot water for domestic use at costs competitive with elec- 

: - ^ \ 21 
trie water heaters in most parts of the country. Based on life-cycle 

economics, thie Office of Technology Assessment also has estimated that 

^by 1985, combined systems should be able to provide supplementary solar 




hot water and space heating for residential and commercial buildings at 

ERLC ^ - 10 « ' 
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prices competitive with electrical heat- OTA found further that solar 

%■ * 

systems supplying all hot water and heating needs. for" large buildings 
can be designed in the next three 'to fi*e years, and that such systems 
could be conrpetitive in several regions of the country. 

Commercial development of solar space-heating ar^d hot-water tech- 
nology is progressing rapidly, in spite of currently marginal economics 

23 

when compared with natural gas and fuel oil* Solar systems are 
available from almost 200 firms and the production of .collectors is 



increasing dramatic^ally* In 1976, Xt was more than 150 pe^ent above 

* - V . i, ' / 

the previous year. Ah even larger increase was anticipajl^ed for 1977. ^ \ 

The nxmber of. houses supplemented with solar energy has increased from' 

roughly 30 in 1973 to somewhere in the thousands today./ 

A number cf proiections have been made of the possible contribution 

^ - ^ . -t 

^ 24 ' ^ V 

that solar heating could make to peeting pur energy needs The- 
Stanford Research Jti^itute suggests that by the year 2000, solar heating 

p 

and hot-T35B.ter technology couM lead to fuel savings" of some 9 quads 
per year in the residential and commercial sectors. This is* equivalent 
*in energy content to about 4.4 million barre-Is of oil per day or about 

half of current imports. The report of a solar energy panel sponsored 

■ ^ ■ ■ \^ ' \ .' . 

jointly by the National Science Foundation and the National Aeronautics 

and, Space Administration estimates a po-tential contribution of between 

2 and 8 quads by the* turn of the century and between 10 and 23 quads 

iJy 2020. CEQ estimates energy" savings, of between 2 and 4 quads by - 

2000, and between 5 and 10 by 2020 (see Table, p 6/). 

Since solar heating technologies are reasonably well understood, 

the emphasis, of the Department of Energy (DOE) for active systems is on 



demonstration grants and market development activities designed to 
' stimulate a large-scale manufacturing and installation capability. The 

DOE is also preparing ar program^ Tl^n designed to' give a boost to the 

V . 25 

devel6pment and' use of passive' solar systems. The program .is expected 

^ ' ' ^ ' ' - " y " 

^ to include a "passive initiative" which would involve t^^ demonstration 

'1 . ■ : 

26 ' 

of a large number. of pas-sive solar designs in^esidential dwellings. 
Other efforts include disseminating infqpmatfon and, developing^ standards 
for equipment. ' >- " 

High Temperature Applications — Solar thermal energy also ^ 

- ■ ^ 

can be used to produce high temperature steam to generate electricity.^ 
Several systems are under development:', but most of the research effort 
has gone if?to' what ^is known as th^e "power tower." * Under- current 
designs, thousands of- large, steerable mirrors (called helioatats) will 
be^ arrayed over an area of several s^'qUare kilometers. The mirrors will 
track the sun and focus its light .intensively on a central boiler, 
\mounted on a tower several ^undrjed m^G?rs ^ above the ground. 
, The absorbed energy can be used to generate stiam for a\ conventional 

utility turbine or for industrial" processing. Projected sizes of feasi- 
.Irle systems range from 100- kilo wat't- electric (KWe) to 100-megawatt 

electric (MWe) ,^ depending on tower height and the beliostat field 

*■ ■ ' ■ 

layout. J * / . - . , 

* System design .studies nearing completion have found no major 

technical problems with this approach, ' and cost estimates indicate that 

with mass production, power tower economics should be > comparable to 

28 

those of other emerging solar technologies. " 

The power tower is being developed in a number of stages beginning 

*< ' ■ » 

with a 5-megawatt thermal test facility due to be completed in 1978. 

^ • • " " 18 



^he Department of Energy also plans to begin construction soon of a, 10- 

- • ■ vf \ - , ♦ - 

MWe pilot plant. . This'is to be foiabwed^^iyra^ demonstration plant in. the 

mid-1980's with 'the most efficient size yfet to^be determined. 

One concept under active consideration is to design "the- solar tower 

.bofier so it will fit as a replacement fbr' boilers in existing, con- ^ 

ventional oil- or gas-f.ired eledtr'ic power plants. -Such '-repowering" of 

/ - ' - ■ . ' 

/ — _ 

present plants could permit ^at cost savings for utilities through ^ 
continued use of their investments in buildings, turbine^, and other i 

% 

S 4 • . - 

equipment • ^ 
The potential capacity that solar thermal electric plants could 
displace- has been estimated at 40,000 MWe by the , turn of the century, _ 

contributing -aboTit 1.4 quads of 'energy Eventually, it is estimated,' 

■ ■ ■ ^ 29 

they could- meet 20-30% of the Nation's -electricity needs. CEQ 

estimates" solar' thermal plants could contribute 0 tp 2 quads by 2000 
and perhaps '5-10 quads, by 2020 (see Table p.6 ). 

Intermediate-Temperature Systems -'Most federal funding has gone 

either to low-temperature systems for solar heating and cooling or to 

. ' . .. ' 30 

high-temperature systems for steam generation as m^the power tower. .. 

AnoU^er area with great potential b-etween now and the' year 2000 is the 
.intermediate-tempe'rature system, for industrial steam, heat enginfes, .and 
community-scale energy needs'.^ ^ ' 
Several types of solar collectors, using tracking mirrors less 

sophisticated than thos"e of the power tower, are now being made in the 
' • .. . - ^ 

U.S. These systems c^n convert sunlight to heat in a tetnperature 

• • > • 

, range higher than the 2i2°F limit of un-pressurized fla6" plate col- 

lectors but less than the roughly 900*F achievable with , tower-type 
^Idostats. ^ ^ 
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The potential market for intermediate systems is very large. - It 

I " 

Includes process he^t for many industries such as chemitals, textiles, 
and food processing. About one- third of this industrial heat is used at 
temperatures belew 600**F, and a recent federal s^tudy estimated that by 

2000, solar technology ' could be used to peplace about 7.5 quads of 

/ ■ ' 32 ' 

fossil fuel 'now used for this purpose^ This is equivalents in energy 

jcOnten^ to about 3.5 million barrels of oil per day. CEQ estimates 

the contribution of; intermediate-temperature systems^at 2-5 quads .by 

the year 2000, and 5-15 quads by.2020 (see Table, p. 6). ^ 

j' ' • . ^ • 

.^Another promising intermediate-tempei^atu're application ^^is the 

.«* 

small," solar-powered heat engine. This type of' engine can be used to 

Operate electrical generators, compressors for air conditioners,- arid 

water pumps. While American designs for such 'engines have been charac- 

terized as "archaic," European firms have developed fairly advanced 
33 

systems. Inteorest is increasing in ^his country mid a number of U.S. 

34 - 

firms now produce ^and sell prototype engines. 

One major use for solar engines could be to power irrigation pumps. 
More, than 300,000 irrigation^ pumps are employed in the westfem United 
States — at a^h energy cost of over $700 million per year. Operation of 
the nation's, first f^ent solar heat-engine irrigation facility began in 
1977. Although the 38-KW system, based on focusing ' collectors, is 

not currently competitive, substantia'! cost .reductions appear possible. 

/ " • . . ^ ^ 

The price of the heat engine for the irrigation' project was $50,000, but 

the Battelle Memorial Institute ^estimates : that with mass production, 

36 * 
this could be lowered to $3,000 or less. . ^ 
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If 10,000 to 20,000 small heat engines were manufactured each year, 

• • ' * 37 ' 

it is estimated that the cost could drop to $200 to $300 per peak KW. 

The Jet Propulsion Laboratory believes that units produced on the scale ^ 

38 

used in the autO'TSidustry could cost about $40 per KWe. 

i ' • ■ ■ . 

Perhaps the most promising future" belongs to integrated or "total 

energy" systems, in which intermediate-temperature technologies are used 

tojirediie.fe.-.eflectricity and heat on a factory or coumtonitiy scale. The 

Department of Energy 'already has approved a Shenaijdoah, Georgia, project 

which by 1981 is expected to produce electricity, process steam, heating-, 

and' eooling^ f or a textile factory employing 15.0 people. . Community-scale 

sola£ thermal electric systems, 'by . using was£* heat_ f or industrial steam 

or for residential 'and commercial heating and cooling,, could combine the 

benefits of decentralization "with greater -freedom in siting housing 

unit:%. . ^ ' - ^ ' 

Also i- a recent program started by the Department of Energy at th'e 
Jet Ptopulsion Lab is investigating the use of high-performance solar 
reflectors coupled with smali" heat engines to provide electricity for 
Ismail communities. Power output would be in the 1- tb 50- MWe range. 
If they become commercially attractive, these systems could also provide 
high-temperature (up to 1800?F) .industrial heat- There is promise that 
such smaller^ - modular systems might even be competitive with large, 
central power plants. DOE' s Sandia Laboratory is now testing systems 
which could provide solar- energy on a community scale for everything 
from electricity and industrial process heat to hot water "for residential 
use.'^"'" A'l-MWe, small-community power plant is scheduled for start-up 

/ " 

in about 5 years somewhere in the Southwest. 
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E. Photovoltaic Solar Cells 

Photovoltaic cells simply but remarkably convert sunlight directly 
into electricity. ^Most of the cells manufactured today are thin wafers, 
containing semi conducting materials, that produce a tiny current of 
electricity when the sunlight strikes them. With many cells arrayed 
together, significant 'amounts of electricity cari be generated. 

' 42 

It is possible to fabricate many different types of solar cells. 




most abundant eleme^its. Solar- cells have many advantages. They are 

s 

plagued by no tricky maintenance problems and no direct pollution. They 
have great reliability and durability. , 

Another significant feature is that few economies of s'cale are 
realized by increasing the size of photovoltaic cell arrays. Thus the 
arrays are well- suited for small-scale, depj^tralized uses, ^his can 
^obviate the need for transmission and other investments, and can facili- 
tate combinations with other technologies. 

The technical feasibility of utilrizin^ photovoltaic cells is well 

S^^tablished"; , Since the 1950' s, they have powered space satellites and 

provided electricity to remote locations. The major obstacle to their 

widespi^ead use has been their high cost. If cell arrays are to be 

generally competitive as a source of electric power, unit prices must 

drop roughly 90 percent. Even further economies will be needed before 

43 

central power stations are economically feasible. Substantial cost 

^ ' ^ ' / . 

reductions already have been achieved, however, and there appear to be 

no fundamental barriers to further progress. Just a few years ago, 

solar cells manufactured for use in space cost 50 times more than those 

44 

now being produced for terrestrial applications. T 
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Silicon solar cells having a peak sunlight-to-electricity con- 
« 

■ 

version eff iciencyOfof about 13 percent are now comnerci^lly available at 
a price of $12 per peak watt. However, prices are still dropping 
rapidly. Reductions to about $1 to $2 per peak watt are possible as 
early as 1980-^^ By the mid-1980' s, a cost of $0,5*0 per peak watt 
appears possible,, either through continued progress with silicon cells 
or through rapid advances in competing photovoltaic tecjinologies. At 
this-^cost, -on-site photovoltaic power should be competitive for many 
applications. - z.?:^ 

Photovoltaic syst^^ms which use mirrors or lenses to coventrate a 
large area of sunlight onto solar cells are also re^g^jjing increasing 
attention due to their cost-cutting potential. Cellis designed for a 
100-fold increase in light energy intensity do not cost appre^tiably more 

than conventional cells, but generate 100 times more power, indeed, the 
- ^ ■■■ . 1 \ ■ 

' cost of the sunlight concentrators rapidly becomes tH%^ dominating factor 

The successful bid for the, largest photovoltaic facility yet planned 

came in at less than half the price for non-concentrating silicon cellis. 

Photovoltaic arrays using corrcentrators will be provided at $4. 75 to 

^ /* ' 46 

$5.75 per peak watt, with deliveries starting May 1978. 



* The costs. and powe* output of solar cells are frequently cited in 
terms of "peak watu" x^hich represents the maximum output of the cell 
achieved under the bright sunlight conditions that prevail around noon- 
time. Thfe average power from solar cells over the period of a day is 
of course less than the peak value. 
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Concentrating systems offer the additional possibility of supplying 
heat as well as electricity. In such "total energy -.systems,'' sunlight 
not converted into electricity can be collected from the cells and used 
to help meet a building's hot water and space heating needs. > 

New. materials , such as gallium arsenide, for solar cells are also being 

being investigated and their conversion efficiencies may be as high as 30 

to 50 percent compared with the 13 percent for silicon cells. Able to 

tolerate higher tenqperatures than silicon, these materials include both 

multiple- junction cells and a thermophotovoltaic cell being developed at 
47 - 

Stanford. - 

The use, of thin— ^Im techjiology offers another promising approach 
to photovoltaic cells. In principle, large areas of extremely thin 
layers of photovoltaic material* could be inexpensively formed by chemi- 
cal deposition or spray techniques. Developments along these lines could 

i 

lead to* dramatic savings in both material and manufacturing costs. 

While the efficiency of the only commercially available cells of thia 

type is less than 5 percent, experimental cells have shown laboratory 

48 

efficiencies greater than 10 percent. 

y , ' " ^ 

The range of technical options under investigation, coupled with 

* 

the documented ti^nd of sharply decreasing prices, provides a strong 
argument that photovoltaic technology can be made economically com- 
petitive in the foreseeable future, perhaps within a decade. The 
Department of Energy is developing a new program for photovoltaic cell 
R&D. A February 1978 plan set a target date of 1986 for attaining the 
goal of a competitive price for photovoltaics of $0.50 per peak watt 
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(in ia75 dollars) and an annual production rate of 500 Reak MWe.^^ 
By 1990^ DOE hopes to achieve a price reductipn to. within a range .of 
$0.10 to $0.30 per peak watt (1975 dollars), which would lead to elec- 
tricity ^costs oiE $0.04 to $0.06 per kilowatt-hour. Since curr^it 
electricity costs_are in the range of ,$0.03-$0.06, this should make 
photovoltaic systems economically competitive with other energy sources 
for central power generation as well as for dispersed, on-site appli- 
cations-'' 

If the DOE price and production goals are realized, installed 
capacity by the turn of the century could reach 75,000 peak MWe. Thi§ 
would lead to a fu^l savings in the^year 2000 on the order of a quad. 
CEQ' s estimate for the photovoltaic contribution is between 2 and 8 
quads by 2000, and by 2020,^ 10 to 30 quads (see Table p."6). 
C. Biomass 

Next to hydropowe^r, biomass is the largest source of commercial 
solar energy in use in the United States. About 1.3 quads per year, 
or about'-^1.7 percent of the Nation's energy, is now supplied by bio- 
fuels. Today's economically competitive uses include electric power 
generation using sugarcane residues inHaxraii and wood residues in 
Oregon, process steam^ generation from wood and pulp residues at paper 

niills scattered across the country, and the direct combustion of fuel 

52 

wood to. provide space heat for homes. - - 

Biofuels are fuels derived directly or indirectly from non-dossil 
plant material. They can be solid (e^g., wood or crop wastes), liquid 
(e.g., alcohols), or gaseous (e.g., methane or synthesis gas). Bio- 
fuels can be produced either from organic wastes, such as municipal 
and agricultural wastes, or from fuel crops ~ plants grown specifically 



to produce energy* ' 

Fuel crops are potentially tSbe largest source of biofuels, but 



energy is not as valuable a crop as. food or fibers and cannot compete 

53 

for prime land. The development of "energy plantations"- to generate 

electricity^'^^y burning trees or some other energy crop on a sustainable 

54 

basis has nonetheless received serious consideration. _ -i^j 

^ The cultivation 

of miarine or freshwater biomass offers another possibility. ^ With marine 
biomass, for example,- kelp plants vould be attached to subsurface ^able 
networks to^ form 'moored or floating rafts. Adaptive biomass system- 
that can make multiple outputs available (e. g. , food, chemicals, fuels, 
fibers) in response to demand changes should be able, to reduce the ' . 
ultimate cost of energy delivered to the consumer. 

The terrestria^biomass resource is* quite large. On a worldwide 

"feasis, netT forest productivity exceeds annual -consumption of fossil 

fuels, though compariaBLively little is actually used for*fuel» Total 

annual world biomass Production exceeds* thiB present global energy 

demands by more than a factor .of 10. In the United States, annual * 

biomass production for food, lumber, paper, and fiber is estimated to be 

about 25 percent of our current, energy demand, a surprisingly large 
58 

figure. Much of this material, however, must be regarded as a premium 
resource that is rather limited for fuel applications. 

The biomass resource could increase drainatically with the develop- 
ment of plants with more efficient mechanisms for converting sunlight 



* Although the energy potential for marine' biomass is enormous, many 
environinental and ocean-engineering questions - remain to be answered 
before its potential can be fully assessed. y 
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into biomass.^^ -^The resource could also be eiftended throhgh- improved 
conversion techniques. For example, if direct solar energy were used to 
help provide heat needed f or • thermochemical conversion > the efficiency 
of the overall process could be greatly increased. 

It would be difficult to overstate the importance of the biomass 
option. At present there are vei^ limited technological^altematives to 
fossil fuel-based liq.ui4 fuels for ground transportation. In the 



. absence of major breakthroughs in the development ofS^teries or 
inorganic liquid fuels, biomass of fers the most practicable solar-based 
alternative for powering trucks, buses, and automobiles.^ . \ 

^ A number of estimates are available of the potential contribution 
that biomass could make to meeting our energy needs. The solar 
Resources Group of the Committee on Nuclear and Alternative* Energy 
Systems (CONAES) calculates tl^t 8.0 quads of biomass could be annually 
available by 2000, and 9.9 qu^ds by'zOlO.. . The Stanf ord^'Research In-' 
stitute .estimates that under optimistic conditions 5.0 quads could be 
used-'-by 2000 and 11.0 quads by 2020. CEQ considers a maximum terrestrial 
biomass contribution of 3 to 5 quads per year achievable by 2000 (see 

Table p. .6 ) .. ' ' . 

" ■ The present , DOE bio^ss program, involves research in a number of 
areas. ' Research and develo'pment activities include work on anaerobic 
digestion, t^e production of alcohol by fermentation, thermochemical 
conversion of wood to oil, and lowering the costs ^.f the production and 
collection of biomass. New developments are occurring at an accelerating 
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rate. 
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D. Wind Energy Conversion ^ 

A*resurgence of interest is occurring ^ wind energy, an already 

w^l-developed teclmology. Botli private and public funds are being 

iiVvested to improve windmills, which In the-^j^aar future promise to 

generate electricity at costs qpraparable to those of conventional power 

^pl|ant;s. Both small (kilowatt-sized) and large (^ii^gawatt-sized) machines 

halve the potential . for jnarked cost: reductions through ma'ss production* 

The rate at which wind energy can be introduced into the economy 

depends heavily on, the results of current R&p prograius and on subsequent 

commercialization efforts. The wind potential of the nation, excluding 

offshore regions, has been estimated to^lie between 1 2 trillion 

64 " 

kilowatt-hours (KWh) per year- By comparison, total u*S- consximption 
■ of electricity in 1976 was about 2 trillion KWh. Several . studies hav^ 

concluded that, under conditions of rapid implementation, an electrical-^ 
■output of between 0.5 and 1.0 trillion KWh could, be achieved by the 
turn of the century .^^ equivalent to a savings 6f 5 to 10 

quads of fuel- CEO estimates a possible contribution of 4 to 8 quads 
"by 2000 (0.4, to 0,.^ trillion KWh) .and 8 -tjo 12 quads hy 2020 (0-8 to 1-2 ' 
triliion KWh) . ^ (see Table p.6 ) 

' A number of small machines for producing electricity already are on 
the market. Machines sized at 2 and 3 KWe are being, sold as recon- 
^ ditioned units for ^1,000 to $1,800' per KWe:^ Somewhat larger machines 
(15 to 30 KWe) are becoming available at comparable unit costs. As a 
substantial market develops, th^' m^ss production of small-scale wind- 
mills should "lead to significantly lower costs. 
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Large windmills are being developed by both the Department of 
Energy and private industry. A 100-KWe machine has been undergoing 
tests for more than a year near Sandusky, Ohio. In January' 1978, a 
200-KWe wind turbine began generating electric pover for Clayton, New 
Mexico. During 1978, two similar machines will be constructed, one in 
Puerto Rico and the other on Block Island, Rhode Island. The -objective 
of the next phase in the largewindmill program is the construction of a 
2-MWe windmill with a rotor 200 feet in diameter. The largest of the 
series, with a rotor 300 feet in diameter, is scheduled to be built in 
late 1979 at a cost of $10 million. Private companies are also in-' 
stalling large turbines, reportedly at costs^ lower than those of 
government-sponsored machines. 

DOE is studying windmill designs, different" from the horizontal- 

• 69 ^ 

axis type, which may have technical an'd" economic advantages. One 

concept being developed is the vertical-axis wind turbine; A 55-foot 
diameter Darrxeus rotor, with blades shaped .like aSi eggbeater, begarr _ 
operation 'in mid-1977-. In a 22-mph wind, this machine produces 30 
kilowatts of electrical power. .During fiscal 78, studies will examine 
how the design might be improved to reduce costs and permit mass pro- 
duction. - . 
. -* DOE has also begun testing six commercially available, small 
windmills, with contracts being issued for the development of 40-, 8-, 
and 1-KWe machines'. A proposal also, has been made ^ the Bureau of 

Reclamation which involves the demonstation of a significant number of 

- .70 
wind energy systems integrated into federal hydroelectric systems. 



A recent report prep^^^^ ^or IX)J: ^^^^jj^enda a substantially expanded - 
program to speed th^ wlde^P^®^*^ Use of wind en^gy.''''" 

" . ■ ♦ 

E.. Smgii^cale_ Hyd^^^^^^^, 

Generating ele^^^^^^it^y f rooj- ^^^^^ ^ams is by no means a new idea, 
of <^ourse. ^^^^ some ^^^^^^ Outmoded or stagnant technologies, this 

oi5?'ion now is attrac^^^^^g ^enewe^ interest because o£ the high price of 
oil and other fuels. >2 , 

A recent report estiti^'^®^ ^^at more than 14,0Q0 megawatts electric 
of untapped hydropov^^.-potentiaj, ^^^^^s at s^iall sites ~ 3- to 5- 
MWe ---across the ^n^^^^ gcates. o 3^^^ ^^^^^ sites, dams already 

exist; that is t^^gded tails tion of electric' generating 

facilities- New j-^-j^gjid, for example* ll2 hydro* sites have been 

abandoned since 1941 ^^gcatt^^ ^^h^r sources of power became more eco- 
notiiic. Many have npx^ reg^i^^*^ ^^onomi^ viability. '^^ In addition to the. 
potential of these st^j^^ sites, estimate^ 14,000 MWe is available in 
unfilled generation t^ys ^^^^ti^^g jam sites of more than 5 Mffe. '^^ 
Projections of ^apit^^^ cos^^ ^tinze these sites range from $300 to 
$1200 per installed kiiowa^^* '^^PendinS on the location -and on whether 
daios and- other facilities ^'^^ ^-"-^eady Place. The maximum ad- 
dicional capacity pot^jjtia^-^y ^^^ilabie by upgrading and expanding 
exi^^ing i^ydropower ai^^ ^<id±ng hydrop ower facilities to all 

existing i^rge and si^^^ j^s is estimated' t^ be 54,600 MWe.'^ This 
added Capacity would ^upplj^.tbe eq^^^^ient of about 2.5 quads per year 
of energy. The CEQ e^^.^^^^^ for t^ig increment is between 1 and 3 quads 
Per year -(^ ^ ^"^^s tot^^ combined vith existing dams.). , , . • 



Electric utilities generally have been hostile to proposals for 



competing small-scale hydroelectric power facilities, although several, 

■ r .' ■ ■ ~ 

at least, have expressed interest, cfffering to buy electricity from" dam 

78 

owners at rates that approximate the fuel costs of their own plants. 

The DOE has developed a program to determine the feasibility of installing 

or developing hydroelectric facilities at a variety of small dam sites 

"1 79 

throughout the co'mtry. ■ ' 

F. Ocean Thermal Energy Conversion 

In many parts of the tropical oceans, there 'are considerable 

temperature differences — as much as ^40 °F — between the surface waters 

and -the cold waters lying up to 3,000 feet below. Ocean Thermal Energy 

Conversion (OTEC) systems exploit these temperature differences to operate 

'.' ' ■ ' \ 80 

turbines which then drive electric generators. . 

" - In the so-called "closed-cycle" systems presently under- development, 
warm surface water passes through heat exchangers tq evaporate ammonia. 
The ammonia is run through a turbine generator and is condensed by -cold 
water' brought up from bejow. The electric power produced by floating OTEC 
machines would either be brought ashore tisxng underwater cables, or used 

at sea to produce fertilizers, aluminum, ;'or other energy-intensive 

■ - • f . ' ' - ' 

products. . . 

The size 'of the renewable OTEC resource base available to the U.ST" 
is not yet well determined, but the maximum amount might be determined 
by ecological or other considerations, such as the need to prevent, any 
possible climate changes or alterations in ocean-flow patterns. The 
Department of Energy has identified several areas in the Gulf of Mexico 
where total installed OTEC capacity coufd reach 200 to 600 thousand MWe 
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(500 to 1500 plants). If this many units were finally installed and 

operated on a btfse-load basis, they would generate 1.5 to 4. trillion KWh 

per year ,g the larger figure being, about twice total U.S. electricity • 

consuniption today. This wo^ld supply the equivalent of between 15 and 

40 quads of energy annually. The CONAES Solar Research Group has estimated 

the maximum OTEC contribution at 1.6 quads by 2000 and 3.9 quads by 2010.^^ 

"' ■ . ■ ■ • . • ■ 

CEQ estimates the maximum contribution at between 1 and 3 quads by 2000, 

and between 5 and 10 by 2020. » 

The fedexal program for developing OTEC power systems calls for the 
constjruction of progressively larger experimental machines, - ending with the 
demonstration of a 100-MWe unit by the mid-1980's. During fiscal Vear 1979, 
a 1-r^e engineering test facility^ designated OTEC-1,' is to be built. Later, 
two distinctly different 10-MWe experimental inachines are planned t;o 
demonstrate, the overall feasibility of full-scale units. ' 

Among the major engineering obstacles to be overcome in the development 
of e'conomic OTEC machines are designing and constructing large" heat ^exchanger 
controlling of "biof ouling", preventing corrosion, and designing and building 
a 3, 000- foot cold-water pipe. According to DOE, however, there has been 

recent encouraging progress in demonstrating very efficient heat exchangers 
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and in solving the related problem of slime controJL. 

. ' In addition to the pdssibili£y of cliniat^c impacts .and : .altered..\ ' . 

^ " *i 

ocean-flow patterns, several environmental questions need resolution. 

■' ^ ^ " . . ^ ' " . * 

They relate to potential^ toxic effects from corrosion and loss of metals. 

and f^^om the 'use . of biocides and other chemicals that 'might be released 

into the ocearfs during plant operations. Also, marine life froci both 

surface and dee^ waters will be subjected to changes in pressure and 



temperature, and to different levels of turbidity, salinity, light, and 
oxygen. The consequences of these changes are not well understood at this, 
tine. . ^ 

G. " Other R&nevable Technologies 

There are other Renewable energy technologies under development which 
we have not reviewed here. These include tidal power , wave "power , and the 
placement of large photovoltaic arrays in space from which electricity would 
be beamed back to earth using microwaves (Satellite So^ar Power Station)* 
The technological and resource uncertainties affecting these applications 
are sufficiently great at this time that we have not included them within 
this report. Thi% is not to imply, however, that further research and 
development will not show them to be viable , sources 'of substantial amounts 
of energy some time in the future. 

H. Energy Storage - ^ 

The availability of inexpensive and reliable methods for storing energy 

^ ' 85 
would greatly facilitate the development of a solar economy. It would 

broaden the range of solar applications, improve the economics of solar 

technologies, and reduce the need for conventional fossil fuels as backup. 

The most critical storage needs are in transportation, heating and dboling 

of buildings, industrial processing, and electric power production. 

, Lowering the manufacturing costs of photocells, wind turbines, arid 

flat plate collectors, while certainly necessary, will not in itself. 

guarantee technical and economic viability. The intermittent nature of 

the solar resource, -and the conse,quent need for reliable storage systems, 

must be fully recognized and planned for. 



. .There aire numerous ways to store energy. They range from* straight- 
forward thermal storage in water to electrical storage using large, 
superconducting magnets. The most important techniques now under development 
include batteries and other electrochemical processes^, as well as chemical 
' and -thermal technologies, ' and mechanical and magnetic storage , systems. 

In its energy storage program, the Department of Energy is supporting 
the parallel development of several options for each end use needing storage. 
For groimd transportation, it is working on imp'rove'd ,batteri?es of varied 
'designs for use in electrig vehicles in the early 1980 's. These vehicles 
have the obvious advantages of emitting no direct air pollution and of ' 
being compatible with emerging solar technologies such as photovoltaics 
and wind turbines. The overall program goals are to develop batteries of 
high energy density five times present values and high power (twice present 
values) at a third of present costs • To gain experience and encourage the 
use of electric vehicles, DOE plans to order 400 of them in 1978, 600 in 
1979, and 1,700 in 1980. A total of 7,500 vehicles are scheduled to be 
'ordered through 1984. ^ ' 

Batterxes, of course, also have a wide variety oi stationary use;s. 
Photovoltaic and wind* systems,- whether in centralized or" on-site. applications, 
will need the kind of energy atprage for which batteries are well-suited. 

Energy from solar cqllection systems also ca6 be stored by lising - " 

several thermal or thermo chemical technologies.' Thermal storage for heating 
buildings, using either water or rocks as the storage medium, is well-advanced. 

A large-scale demonstration of seasonal thermal storage for the JFK Airport 

-> ' < . 
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in New York was proposed recently. It would use an underground aqiiifer as 

if ^ . ^ ' ■ 

the storage laedimni During the winter, water from the aquifer would be chilled 




by existing cooling towers and 'lat^r used to reduce summer air conditioning 
loais* Other thermal, storage systems under development^ utilize chemicals <^ 
such. as sodium hydbrxide, whose phase change liberates or absorbs substantial 
amoxints of heat» ^ 

Hydrogen offers another promising means for storing energy- for *bot^ 
transportation and stationary uses. xhe development of metal ^hydrides' " . 
allows the safe storage of hydrogen af ambient temperatures. The technical . 
feasibility of using hydrogen as an "energy carrier", in buildings, planes, 
vehicles, aSd domestic appliances alreacly has been demonstrated*^ The use 
of hydrogen in fuel cells- to generate electricity of fers an, especially 
attractive on-site application because of the possibility of recovering the 
waste heat. to Kelp meet hot-water and space-heating needs. The principal 
remaining obstacles to widespread use of hydrogen are its high product/on 

... . , ( ' t 

costs and its tendency to embrittle pipes during transmission and distribution 

^ A variety of mechajiical energy storage systems are being investigated ^by 
DOE.^^ Flywheels m^Se from fiber f ilaments^and^epoxy are being developed j ' 
for both vehicle and utilitj^ usage. The' Department plans to initiate the 
.large-scale decionstration of automotive, flywheels by i;9'82. DOE s Lawrence 
•Llvermore Laboratory is overseeing the development of regenerative-braking , 

systems for use in Postal Department battery-flywheel hybtid vehicles. 

- . ■ * ■ ' 

Other technologies for storing energy^ primarily for utility 
application, . include ijndergromd tompressed/ air, underground\p.umped ^storage, • 

superconducting magnetic storage. In the compress^ed air' energy storage 
program, air is forced into a large underground cavern and the energy later 
^recovered throi^gh the operation of gas turbines. Such a system has just 
started operation in West Germany. Similarly, water can be pumped- to the ; 



surface from a large manmade or natural ^mde^rground reservoir and then 
allowed to return, through turbines, during peak demand periods. DOE 
plans to demonstrate such a system in the late 1980' s. Finally, electrical 
energy can be stored very efficiently in the magnetic field of a super- 
conducting magnet. Preliminary work indicates that the optimal storage 
size for such a system' would be in ; the 1-million to 10-million KWh range, ^ 
the latter ^figure ^equivalent to the output oF a large, 1,00 0-MWe pfewer 



plant over 10 hours. 
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111. Solar Strategy: Getting There From Here 

A strong case can be made that a nat;±onal commitment in the 1950 's 
to develop solar technology — comparable to the one made to- develop 
nuclear power — would have led to the widespread economic feasibility 
of solar energy today. Because of the long lead times necessary to 
perfect energy producing and consuming technologies, major decisions 
must be made today if solar energy is to be available as our primary 
replacement 'source for tomorrow. 

In recent' months, a variety of suggestions have been offered to 
stimulate the federal effort to promote solar energy. They range from a 
shift in research priorities to larger tax credits, and from ii^jpreased 
incentives for local governments to a vast effort , reminiscent of the 
Marshall Plan, to aid less-developed countries in tapping the rich ^nergy 
output of the sun. * ' 

Following is a,- review of the possibilities, divided into five 
categories. 

A, Expand Fiixancial Incentives and Eliminate Institutional Barriefs 

The National Energy Plan (NEP) recognized that the' nation' stability 

» . - w • * • 

to sustain economic growth beypnd the year 2 bOO depends largely on the 

. ^ # - 90 

development jof renewable and essentially inexhaustible sources of energy. 

The NEP contained a number of important financial and institutional 

provisions to encourage the application of solar energy. Among the 

. 91 

measures approved by the House-Senate conferees are the following: 

* * - Tax credits for the purchase of solar- or wind- 

powered hot-water and space-heating technology 
f or residential application. These credits would 
start at 30 percent of the first $2000 and 20 
percent of the next $8000 for a maximum credit 0:f 
$2200. The credit would apply to qualifying solar 
equipment through December 31, 1985. 
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- Subsidized interest rates for loans for solar heating, 
hot water ^ and cooling equipment. In addition, the 
limits on Federal mortgage insurance would be increased 
by 20 percent where solar equipment is installed. Also, 
solar Heating systems, both ''active" and "passive" would be 
included as eligible iTH)rovements for federal home 
improvement loans. 

- The authorization of $98 million for the purpose 
of photovoltaic cells by^^the federal government 
apver a three-year period* 

- The authorization of $100 million for the purchase 

and installation of solar heating and cooling equipment 
in federal buildings over a three-year period. 

- A provision requiring state public utility commissions ^ 
to forbid, where "appropriate,'.' utility rate structures 
that discriminate against solar and other renewable 
energy sources. 

Additional measures have been suggested to spur the introduction of 



solar technology into .the marketplace, /^o^ example, analyses of the 



NEP 



by the Office of Technology Assessment and 
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noted these further possibilities : 



the General Accoxmting Office 
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- Provide additional incentives to install solar 
'heating equipment in new homes, beyond the. tax 

^ credits already proposed. 

\ " Require that all new buildings be strxi^urally 

compatible with, and properly oriented for, the 
later installation of solar equipment. 

- Increase l^ans for small businesses to encourage 
the use of soJLar heating and cooling equipment. 

- Guarantee loans on solar installations for nonprofit 
organizations. 

' ' - Require consideration of. solar technology ±a federal 
and state bufiding programs. 

- Provide matching grants, revenue sharing, or other 
^ incentives to states and localities for plans which 

emphasize' renewable energy sources. 

- Develop a more detailed program for equipment 
certification and installation, and for the legar 
protection of "sun rights." 
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- Review utility rate structures for their effects 
on solar installations and make appropriate changes. 



- Designate the Federal National Mortgage -Association 
as a buyer .of loans for the installation of solar 
equipment, and generally provide easier access to the 
loan market for solar technology purchasers. 

- Explore the possibility of using the many federal 
grant programs in HUD, HEW, DOA, and other agencies 
to encourage solar development. 

> * , 

- Develop additional incentives to speed the introduction 
of solar technology into the agriculture sector (e.g., 

^ authorize jjthe REA to subsidize solar systems the way 

distril^utjron lines have been subsidized). 

On March 13, 1978, Members of the Congressional Solar Coalition 

(coniprised of about 70 "Representatives and Senators) introduced a number 

of bills and resolutions to encourage the use of s^lar technology. Among 



them were the following: 



-The Solar Energy Bank Act. Would establish a ^rolar Energy Bank with 
a $5 billion revolving fund to provide long-term, 1q;&- interest loans for 
the purchase and installation of solar energy systptos in commercial and 
residential buildings. . 

^ . . -World Energy Conference Resolution . Calls for a conference to 
establish -an International Alternative Energy Commission to facilitate 
the transfer among nations of alternate-energy information. 

-Foreign Mission Solar Energy Demonstration Act . Would authorize 
the densonstration of solar technologies on U.S.- diplomatic buildings in 

other countries. 
# 

-Establishment of Renewable Energy Program with LDCs. Would direct 
the Secretary of DOE to assist the Agency for International Development in 
.its energy programs, with special eiiq)hasis on renewable resources in less 
developed countr4.es (LDCs) . : - 

. -OTA Future Energy Study. Would direct the Office of Technology 
Assessment to study the potential for U.S. to convert to solar energy.. 
Feasibility of solar meeting 15%, ^30%, and 45% of all U^S. energy needs r 
by the year 2000 would be examined. 

-Solar and the Small Business Administration . Would amend the Small 
Business Act to provide loans to solar' and energy conservation companies. 



-The Solar Energy > Transition Act > This would direct DOE to seek 
conversion of Federal facilities to solar energy: 1 percent by 1981; 5 
percent by 1985; 30 percent by 2000. 

Another recently offered proposal would require that solar alternatives 

r ^ 

be rigorously investigated and^ whei;e feasible, preferred whenever a new 
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central- St at ion fossil or nuclear power plant is proposed. 

B. Adopt Needed Changes in the Federal Solar Research and Development 

^- • ■ , 

. Program 

A number of suggestions have been made for improving the federal 

government's research, development, and demonstration program for solar 

94 ^ \ 

energy: . , 

* Some observers argue that the overall level of support for solar • 
en^i;gy is not based on a careful review of its potential contributions and 
benefits. Funding and staffing are said to be too modest when measured by ^ 
the impacts solar could make in meeting the nation's energy needs. 

* Priorities within the solar program are said to be seriously in ^ 
need of reexaminatixra. Critics claim there is little correlation between . 
budget expenditures and the estimated contributions or estimated needs of 
various developing solar technologies. 

* The solar program has been criticized for emphasizing large-scale * 
solar technology to the detriment of smaller-scale and on-site ai)pl i cat ions. , 
Big facilities, big expenditures, and multidecade d^elopment programs have- 
all characterized the U.S. effort, Yetgsmaller systexas can be developed 

and tested within much shorter times, and they may p^ove to be the most - 
cost-effective in the long run. 



^Research i's said to be too skimpy ii> a number of areas, including 
those essential to on-site solar "facilities/ For exaii5>le, in the DOE research 
program there appears to be insufficient attention given to solar-actuated 
heat engines, with little development work relevant to small solar devices* 

Other technologies for which addit:ibnal research appears to be of high 

■ ' - ■ ■ " ■ ' •J'-. 

priority: community-si2|e systems.^ small windmills, ''passive solar heating; 

- ' ■ S^-- 

an& cooling -systems, and on-site^Tiotovoltaic total energy systems*- j/^r^.:^ ^- 
In general, it is argued that^ more attention should be paid to ' ' . 

^determining the optimxm scale of each solar technology linder development, 
judging by its potential and by its technological and, other limitations. 
-For example, many experts. have concluded that, when measured by the 
potential size of the resource and the importance of liquid fuels to the 

omy, the federal biomass program. is too limited in both funding and 
overall scope.^ , • ' 

A recent report of bio-energy specialists concluded that even under 
optimistic conditions, the existing federal research andVdevelopment program:. 
^ the year 2000 would increase the use of biomass by no djore than the 
equivalent of 250,000 barrels of oil per day, about 1.4 percent of present 
^^U-S. oil. demand. They also concluded that a more aggressive program could 

lead to many times this amount.^ The report recommended that an intensified 
. national biomass energy effort be promptly developed^ and implemented. In' 
addition to more research and development,' a greater effort is required to 
understand the possible adverse environmental impacts of increased biomass 
production on both terrestrial and oceajiic ecosystems. " ' ' ' 

A similar need has been e3q)ressed -f or a more forthright initiative 
to develop wind power* For example, it has been suggested that the 



Department of Energy develop a wind program along the lines of its hydro- 
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electric poster j>rogram by coostructtng thoxisands ot megavjatt-scale 
windmills on. the Great Plains 'to provide electricity for irrigation and 
for tnldwestern cities^ 

Another proposal is that DOE foster a demonstration program for , 
solar electric technologies similar to those for solar hot water and 
space heating. ■ ' . • ' i \ 

) Finally, a nxxmber of observers have ^ said that increased attention 
should be focused on methods for integrating solar technologies into 
existing energy svxpply systems. . - 




C. Institute Price Reform ^ot Compe ting Fuels 

An important barrier to the introduction ofs^^^^ energy is the 

artifically low pricing of con^eting fuels. lu the past, consumers -of 

oil, coal, and gas have been subsidized through systems of price controls 

and through tmpaid environmental and national security costs. I*i"ices of 

oil.an<Cgas, artifically controiled at less than replacement values, have 

leH to excessive overall energy constjmptipn and was.te. They also have 

resulted in market distortions among competing fuels- These points ar^' 

clearly recogn^tf^d in the National Energy Plan, ±n which replacement-cost- 
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pricing is one of the fxjndamental principles. 

However, remaining, subsidies and related advantages for nonrenewable 

>i ^ « ■ - 

energy sources militate against the use of solar technologies. ' They*^ 

include a niomber of tax subsidies and credits for energy producers and a 

reduced-premixim insurance program for the owners o£ ^^^l^ar power plants; 

as well as the pricing of energy -at, levels less than replacement costs. 

"^ding to one analyst, without this full range of subsidies, solar 



> 

sit 



space and water heating in. Southern California would be competitive with, 

y ■ 
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or leffs expensive than, Alaslcan natural gas or nuclear power by 1985. With 

ejcLsting" subsidies, however, the. costs for a homeowner using solar will be 

^ ' 96 
about -^150 -per year mora than if he used Alaskan gas. More difficult to 

quantify those tmpaid costs that take the form of risks to the global 

climate from burning fossil fuels and to the national security from the 

reliance on imported oil and gas and the^^read of nuclear technology. 

In the case. of electricity, existing utility rate structures 
usually reflect average costs of all power presently generated rather than 
the higher, incremental costs of electricity from new power plants. ..The 
adoption of ^incremental (i.e-, replacement) cost pricing by state public 
utility commissions would give consumers more accurate signals about the 
rising cost of new energy supplies. This, in turn, would make conservation, 
measures and solar energy technology more economically attractive. 

But solar equipment faces 'other market disadvantages even when compared 
to accurately priced energy from new electric power^ plants. Utilities are 
able to finance new plants at lower borrowing rates and better terms tha^ 
those available to" homeowners. Power plants enj oy -tax-reducing benefits .not 
available to homeowners i such as investment tax credit^ and the option to 
depreciate capital investments. In order to partially offset these' factors, 
the-National Energy Plan has proposed tax credits for residential consumers 
who install solar heating and hot water equipment. 

■ To the extent that continued efforts are made to price competing fuels^ 

fairly, taking into -account environmental and security risks as well as 

purely economic factors, the inherent competitive advantages of solar energy 

t . _ . . .■ 

will be made clearer and it will become an attractive option sooner. 



^ 15. P'^HeZoi^*^^^ ^Q^^^^ Markg ^--^^^^^g ble. i£-iie, 8fi»Developed Countries 

. "^ aggressive U.s^ proS^^ assist in the deploynient of solax / " 

techiioiogies in developmg i;°"^^^tes. co^ld directly help those comtries 

nieet: their energy, £oo^, au^ '^^"^^lopiaeixt "nee^^ At the same, time, it 

Coul<i assist the growth ^ ^^^^^ctenciy large world market for 'solar 

equipment to Justlfj^j^^g pjroductiQ^ the TJ.s. and elsewhere, with . 
Consequent cost reductj^^j^sjeor ev^j^^^^^ 97 ' . 

^^or ex^i^le* som^ j^^^^^g suggested ^ dramatic, multibillion-dollar aid 
Program to l?ring splat ^^c^oloSX^^ ^hese cdmitries as the cornerstone 
Of il-S, efforts to assj^g^. tti^^^orl^j,^ ^^r, help protect the global 
envi^oument, ^eduQ^ ri^^s p^^^l^tion and nuclear proliferation. 

Supporters of such a p^.Qgr^UX note y,^^^ ^^^i of the aid money would be spent 
in tlie U.S. as domestic Diani^^^^^^^ers increase their production of solar 
eqiiipment. 

.. . Among the many- aci^^^a^eous technologies applicable are small hydro- 
• eiecWc daiiis .(«'^=^^\iti a co^try li^g jjepal could stem the damaging 
;def orestation taking P^^e) , P^°^°^oita:y^^^to-ir3rigatiott pW"s- (to help 
: toos<; agricuiture in v^^g^-- ^^etgy^gbort areas) .and' low-cost, biogas 

i>lancs,(i,iiicb have proa^ifg^^ted in chma and vhich can be helpful* in * - 
i^Uprov^ng vil^^S^ sanit^^-ion* P'^^^^^cing fertiiiger, and; relieving pressure, 
oii^ other cook^g fuels) ^ ^| - " 

. SBiaii_scale solar techn^-'-°^^^^ have several .characteristics that make" 
theiii particularly ^^^^-^suite^ ^° ^^e needs of developing' countries. Being 
small and sel.f-contain^^^ th^y can p^^^^de energy at dispersed sites without 
the flJ^jor .expose and ;i^xay '^'^^tr.uccing ejctensive tr^smission or . 
<iistrih'ution petvorks net*^^^^^ ^hich can cogt more than the. central 
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energy conversion plants themselves,, and which are now typically available 

only ii^ urbSah areas. » * 

Bfe:^g relatively simple in design, .decentralized * equipment can -be 
built rapidly and provide energy within months,, instead of the years ^ 
required for large systems. Generating capacity can be expanded in step 
with changing needs. This avoids the 'l\rge increments 6f capacity associated 
with new. central power plants. On-site sl^lat 'facilities also are relatively^ 
labor-intensive and thus could help create more job op^ortmities in these 

c&untries. . ' - 

.-• ■ 

Through greater use of the solar resource, developing nations could 
greatly increase their energy self-sufficiency. This would have obvious 
economic as well as political advantages. Swch self-sufficiency is made 
more feasible because much solar equipment is relatively easy to manufacture, 

operate, and repair. ^ 

In the United States,- technologies such as photovoltaic cells, windmills, 
heat en^es powered with sol^r collectors; or fuels from biomass cannot'nbw; 
coipete with our low eie^tric power rates (commonly 3 to 6 cents per KWh) . 
But the'price of power from central grids in urban areas of the developing 
world runs as high as 45 cents per :KWh- In those rural areas fortunate 
enough to have electric power, it usually is produced either by diesel 
generators or primary batteries, with costs in the range of $1 or more per ^ 
KWh. \^In such circumstances, the economics of many solar applications 
obviously will be more favorable than at present in the United^ States. And 
'as noted, photovoltaic systems providing power at 10 to 20 cents per KWh 



or less are expected by 1980. 
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£• Improve Covemment Programs for the Purchase of Solar Equipment for 
~ Federal Use 

The government's intention demonstrate \solar he.ating and cooling 
technology in federal buildings was first stated more than two years ^go,^^ 
and an implements ion plan was .j|eveloped in 1977 •^^^ Memoranda of under- ' 
.standing ha-^e- been signed by the relevant agencies, but actual installation 
of solar equipment is seriously lag^ging^ Reasons for the lack of progress 
shoiad be investigated to ensure that the government will *meetvtjie commitment 
in the National Energy Plan to spend $100 million on installing solar equipment 
on government buildings • * , ' 

In addition, the widespread demonstration^ of solar cells in a range 
of federal programs appears to have considerable promise. A study of 
^near-term photovoltaic markets found that even? with present-day cost'^C^T 
solar- cells already can compete with more conventional sources of 
electricity — for example, when used in portable radars,^ portable radios, 
offshore buoys, and handheld infrared viewers. ''"^^ The study also founds 

that if the price of solar cells drops to about one-half its current 

• ' .... ' - , • . * ■ ' ■ ' 

level. Defense could purchase over $100 million, annua-lly on an economical ^ 

basis. . 

' . • ; . > ■ . . 

In July 1977, an expansion of this analysfis was' published by DOE-'s 
Task Force on Solar Energy Commercialization. This study would 

stimulate the early establishment of a viable, competitive, photovoltaic • 
industry. Under one purchasing option considered by this study, the Defense . 
Department would replace up to 20 percent of its gasoline-powered generators 
with 152 MWe of photovoltaic cell-^ arrays, at a cost of about $450 million. 
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Over a period of 25 years, (i.e. , 5 year purchase programs and 20*^year 
life of systeiq^) this would lead to a cost saving .to the government of $1.5 
billion, or a net discounted benefit of $484 million. 

Experts have stressed the need for employing the true marginal costs 
of energy supplies (rather than average costs) when designing neww federal' . 
buildings. Then, whenever the life-cycle economics justifies it, solar 
technologies should be used in constructing federal buildings- 
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In Coitcluslop . * 

The sum of the evidence points to the inevitable reemergence of 
solar energy as a major source of supply for the United States ~ just as 



wood, coal, oil, and gas have been. 



Most of this evidence comes directly from the rapid advances already 
made in the development . of solar technologies and their approaching commercial 
feasibility. Also noteworthy in assessing the future of solar energy are 
its large natural potential; the strong market incentives at work; the 
technical ingenuity characteristic of American entrepreneurs; and the 
outstanding environmental and social advantages' of . solar options. 

Perhaps the key question, then, is that of time. How soon can solar 
energy come to the nation' s ^rescue? Though no certain answer can be given, 
it is obvious that the time frame can be narrowed considerably by choosing 
liberally from the wide variety of go-^emmental actions available and 
outlined in this report- 

Two genei;al objectives suggest tl^emselves: ^ 

* Speed up the deployment of available solar technologies 

so as to maximize the solar contribution to the nation^s energy economy 
in the short and intermediate term. ^ 

* Make appropriate plans and commitments to f^urther research, 
development, and implementation so as to maximize the overall benefits 
from solar technologies in the long term. 

It seems clear that the federal government ~ for^a time — must play * 
a strong role in furthering solar development . It also seems clear that' 
some changes, and reforms in the federal programs are advisable. In any 
case, the. key policy ingredient is an official and personal , commitment , 
to solar energy commensurate with its potential for benefitting the nation. 

^ > - 42 - . ' ^ J ^ * . ■ ^ - . 



\notes 



I,J, Bloodworth, et /'World Energy Demand to 2020," Energy Research 
Group, Cavendish Laboratcyry, University of Cambridge, Published in 
World Energy Resources 1985-2020 (New York: IPC Science and Technology 
Press, 1978). • j , ; 

While this report reviews the potent^ial for solar Energy, we must not 
lose; sight of the equally importable xole energy conservation must play 
in bur energy future. The number of studies concernd^ with the import- 
ance and potential energy conservation is enormous; >the following papers 
should provide an introduction to the subject: Craig B, Smith, e.d.. 
Efficient Electricity Use (New. York: Pergamon Press, Inc,, 1976); 
Dennis Hayes, Energy: The Case for Conservation , WoYldwatch .Paper 4 
(Washington, D,C.: Worldwatch Institute, 1976); Energy Policy Project; 
A Time to Choose: America's Energy Future , (Cambridge: Ballingex Publish 
ing. Co,, 1974);. Energy Conservation, Hearings before the Committee 
on Interior and Insular Affairs,. U. S, .Senate, Parts 1 and 2, Serial 
No. 93-7, 1973; M.H. Ross and R.H. Williams, "Energy and Economic 
Growth", Published in Achieving the Goals of the Employment Act of 
1946 — Thirteenth Anniversary Review , Joint Er^^Tiomic Committee, U.S. 
Congress, August 1977; Lee Schipper )and Joe Darmstadter, "The Logic 
of Energy Conservation", Technology Review , January 1978. 

Workshop on Alternative Energy Strategi^s-r^ Energy : Global Prospects 
1985-2000, (New York: McGraw-Hill Book Co 197p ; Central Intelli- 
gence Agency, The International Energy Situation: Outlook to 1985 , 
ER 77-10240 U, April 1977; Pierre Desprairies, "Wordwide Petroleum 
Supply Limits", Institute Francais du Petrole, and W,T. McCormick, iJr,, 
L.W, Fish, R.B. Kalisch and T,J. Wander, "The Future for World Natural 
Gas Supply," American Gas Association, Both papers published in World 
Energy Resources 1985-2020 (New York: IPC Science and Technology Press, 
1978). 

Other 'potential sources of energy for the United States include oil 
shales, tar sands, and geothermal efiergy.^ The development of shales or 
tar sands entails major technological. and economic ^uncertainties ' and the 
expanded use of either would pose problems (e.g., climate modification) 
similar to those posed by coal. Geothemj^l energy, at this time, appears 
to be a useful but geographically limited energy resource. For 'a 
recent review of unconventional approaches to fossil fuels 'see: Thomas 
H. Maugh* II, "Oil Shale: Prospects on the Upswing . Again," Science , 
9 December 1977; Thomas ff. Maugh II, "Underground Gasification: An 
Alternate Way to Exploit Coal," Science , 16 December 1977, and Thomas H. 
Maugh il, "Ta^ Sands: A New Fuel Industry Taxes Shape," Science ,. 17 
February 1978. 



Energy Policy and Planning, Executive Office of the President^ The > 
National Energy Plan (Washington, D,C.: Government Printing Office, 
April 1977). ' . . ^ . 

National ^Academy of Sciences, Mineral Resources and the .Environment , 
1975;. Oak Ridge National Laboratory, Environmental, Health and Control 
Aspects of Coal Conversion; An Information Overview , Vol« 1 (ORNL/EIS-94) 
and Vol. 2 (ORNL/EIS-95) , 1977; Energy Resources ^Company, Inc., Environ- 
mental Research Needs for Coal Conversion and Combustion Technologies' , 
Prepared for CEQ, December 1976; C*F* Baes, Jr, , H.E* Goeller, J.S. ' - 
Olson and R.M. Botty, The Global Carbon Dioxide Problem , Oak Ridge 
National Laboratory, ORNL-5194, 1976; National Academy of Sciences, 
Energy and Climate , Library of Congress Catalog Number 77-^3238, 1977; 
Report of the Nuclear Energy Policy Group, Nuclear Power: Issues and 
Choices (Cambridge: Ballinger Publishing Co. , 1977); Mason Willrich 
and Theodore Taylor, Nuclear Theft: Risks and Safeguards (Cambridge: 
Ballinger Publishing Co;, 1974); General Accounting Office, Nuclear 
Energy's Dilemma: Disposing of Hazardous Radioactive Waste Safely , 
EMD-77-41, September 9, 1977;. A. Lovins, Soft Energy. Paths: Towards 
a Durable Peace (Cambridge: Ballinger Publisl:jing Co,, 1977);- John P- 
Holdren, "Hazards of the Nuclear Fued Cycle," Bulletin of the Atomic 
Scientists, October 1974; Larence Berkeley Laboratory, Lavnrence- Livermore 
Laboratory, and University of ' California (Berkeley), Distributed 
Technology in California's Enfergy Future , a preliminary report to the 
Office of Environmental Policy Analysis of the Energy Research*and 
Development Administration, LBL 6831, ^September 1977; Charles J. Ryan, 
"The Choice of the Next Energy and Social Revolution," A.P*. Sloan School 
of Management , Massachusetts Institute of Technology, 1977; Theodore 
B. Taylor, "Low Cost Solar Energy," Princeton University and T,B. 
Taylor Associates, Paper presented at the IntemationaJL Scientific 
Forum on an Acceptable Nuclear Energy Future of the World,- November 
1977; U.S. Congress, Senate Committee on Interior and Insular Affairs, 
Alternative Long Range Energy Strategies , 94th Congress •, 2nd Session, 
December 9, 1976; A. Lovins, ''Soft Energy Technologies," (working 
title), to be published in Annual Review of Energy , Volume 3 (Palo 
Alto: Annual Reviews, Inc., 1978); Nigel Forman, "A 'Fuel Policy for 
Posterity", New Scientist, 16 March 1978. 




Frank von Hippel and Robert H. Williams, "TowasEx^ a Solar Civilization," 
Bulletin of the Atomic Scientists , October 19^; Denis. Hayes, Rays of . 
Hope (New York: W.W. Norton & Co., Inc.^ 1977); A. Lovins, supra 
note 5; Theodore B. TayloA "Prospects for Worldwide Use of Solar 
Energy," Princeton University, December 19, 1977. 

F. Von Hippel and R. Williams, supra note 6. 

The solar energy falling on the lower 48 states is about 700 times 
present annual fuel use. Therefore 1% of our land ^intercepts about 7 
times our energy needs. At a collection efficiency^ of about 1/7. (14%), 
^we could meet these needs in principle. \ 



- 44 - 



50 



9. 



LBL, LLL, AND UC (Berkeley), supra note 5. 



10. Office of Technology Assessment, "Application of Solar Technology to 

. Today *s Energy Needs," Prepublication Draft, June 1977, (The final report 
will be published Spring 1978.); LBL, LLL, and UC (Berkeley), supra note 

,5. , ■ ■ .. ... , , , - 

• " - . ■ , . • • ' • 

11. . Personal Communications, Jim BensonV'Council on Economic Priorities. 

See also Solar- Age^ Volume 2, Number 9 (September 1977); Bov^las Fraser, 
"Solar Energy's -Sun' Day Punch," Worklife , Published by the Department 
^ of Labor, April 1978^ - ' 

12. California Public Policy^:. Center , Jobs from the Sun , February 1978 
(Los Angeles). See also Duane Chapman, "Taxation, Energy Use, and 
Employment," Testimony to the Joint Economic Conimittee, U.S. Congress, 

' . March 15, .1978, 

13. E.F, Schumacher, Small is Beautiful , (New York: Harper and Row, Pub- - 
lishers. Inc., 1973); D. Chapman, supra note 12; Battelle Pacific North- 
west Laboratories, "An Analysis of Federal Incentives Used to Stimulate, ^ 
Energy Production," Prepared for the Divisionof Conservation and Solar. 
Applications, Department of pnergy, February 1978; Robert^ J. Budnitz 

and John P. HoLdren, "Social and Environmental Costs of Energy Systems," 
Published in Annual Review of Energy , Volxme 1 (Palo Alto: Annual 
Reviews, Inc., 1976)-. 

14. D. Chapman, supra note 12. 

15. Battelle Pacific. Northwest Laboratories, supra note 13. 

16. OTA, supra note 10; Stanford Research Institute, Solar Energy in 
America ^ s Future , 'A' Preliminary Assessment, Prepared for Environ- 
mental and Resource Studies Branch, Division of Solar Energy, 
Energy Research and Development Administration, ^ . 

SIR Project URU-4996, 1977; Thomas Mullaney, "The Place of Solar 
Energy: A Future Growth Industry?," The New York Times , Business/ 
^ Finance Section, 7 December 1977; Denis Hayes, "We Can Use Solar Energy 
Now," The Washington Post , 26 February 1978. 

17. OTA, supra note 10. 



18. Booz-Allen and' Hamilton, "A Policy'^Assessmen't of Solar Heating and Cooling 
for Buildings, " Prepared for Council on Environmental Quality, November 
1977; William Shurcliff, "Active-type Solar Heating Systems/for Houses: a 
Technology in Ferment," Bulletin of the Atomic Scientists , February 
1976; U.S. Congress, The Economics, of Solar Home Heating, Prepared for 
the Joint Economic Committee, March 1977. 



-4 



ERIC 



19. Raymond W. .Bliss, "Why Not Just Build 'the House Right in the First 
Place?," Bulletin of the Atomic Scientists , March 1976. ^ 

20. "Jean Dietz, "MIT System Could Provide" Total Needs — 'Passive' 

Solar Heat a First," Published in Congressional Record , Extensions 
of Remarlcs, Honl Joe Moakley, Page E 1116, 8 March 1978. 

21. OTA, supra note 10; Booz-Allen and Hamilton, supra note 18; MITRE 
Corporation, Solar Energy — A Comparative Analysis to the Year 2020 , 
MTR-7579 (M^ch 1978). 

'22. OTA, supra note 10. 

23. Booz-Allen ancj Hamilton^ supra note 18. 

24. SRI, supra note 16, page 42; NSF/NASA Solar Energy Panel, "An 
Assessment of Solar Energy as a National Energy Resource," December 
1972. / y''\ 

25. Personal Communication, Michael Maybavtm, Department o£ Energy, March « 
1978. 

26- ■ Energy Conservation Digest, "DOE Plans Passive Solar Initiative," . 

Volume I, No. 2 (20 February 1978). 

27- . William Me tz, "Solar Thermal El^ctricit.y : Power Tower Dominates ► 

Research," Science , 22 July 1977;. Ene^^y ^Research and Development 
Admlnistiration, A National Plan for Energy Research", Development - 
and Demonstration: Creating Energy Choices for the Future , ERDA 
76-1, 1976; JCillian Gordon L. Dugger, and Jerry Grey, 

eds.. Solar ETSSgr^pj^'^ai: Earth , American Institute for Aeronautics 
and Astronautics," 1975, 

28*, "Alvin Hiidebrandt 'and Lorin . Van't-Hull, "Power with Helio^tats," Science 
16^September 1977... - , 

29. J. Killlan, et al. ,, supra note 27", p. 44. • 

S « • . ■ . • - , 

30. Aiken Hammond and Wiliiam Metz, "Solar Energy Research: Making". Solar 
: Aft_er the^ Model ?^ Science^ 15 July 1977; P. von Hippel and. 

R. Williams," supra note 6; William Metz, supra note 27. 

31'. William Metz, supra note 27. 

32. Inter Technology Corporation, "Analysis of the Economic Potential 
of Solar Thermal Energy to Provide Industrial Process Heat," 
Prepared for the Energy Research and Development Administration,- 
COO/2829, February 1977; See also William Metz, "Solar Thermal Energy: ' 
Bringing the Pieces Together," Science, 12 August 1977, 




33. Ibid . 

34. Ibid . ' ' 

35. - Ibid . . ' ' 

36. Ibid . 

37. OTA, 'Su£ra note 10. >f ^ v • 

38. Jet Propt4sio,n Laboratory, "An Automobile Power Systems Evaluation," 
Volinne II. ^ : * , 

39. F. von Hippel and R. Williamis, supra note 6. 

40. The work at JPL is^eviewed by M,K^^ Selcuk, R.S. Caputo, R. French, 
J. Finegold, "Preliminary Evaluation of a Parabolic Disk - Small 

Heat Engine Central Solar Plant," Jet Propulsion Laboratory » Internal . 
Report, 900-749, JnLy 1976.. 

41. Robert Stromber, "Solar Total Energy, §olar Age , February 1978. 

A2. , Henry Kelly, "Photovoltaic Power Systems: A Tour Through the Alter- 
natives," Science, 10 February- 19718; Walter Sullivan, "Physicists ♦ 
Foresee Gains in Solar Energy Conversion." The New York Times , SO 
; ^March. 1978. - . ' 

43. H. Marvin, Division of Solar Energy, Energy Research and Development' 
Administration .Statement before the Subco mmi ttee on "Energy Research, 
Development and Deiaonap»€iQa^House Committee on Science and Technology, 
September 9, 1977; t^^tin Wolf, "Photpvoltaic Solar Energy CiStiversion," . 
- Bulletin of the'^Ato^c Scientists , April 1976.- See also Electric 
Power Research Instl.tute-, Jger^p^tives on Utility Control Station 
Photovoltaic Applications ER-389-SR, January 1978. . . . 

.44. Allen Hammond, "Photovolatics : -The Semiconductor Revolution Comes ■ 
to Solar," Science , 29 July 1977. - 

45. H- Kelly, . supra liote 42.; A. Hammond, supra note 44.. ^ , 

: - . , ; ■ - . ' . ■ . ■ : ' ' ' ^ 

46. ^ - The- Energy Qaily,- "Solar Photovoltaic . Costs Drop, " Vol.5, Number 

, 243, 19 December. 1977. 

47. Electric Power Research Institute, Silicon Photovoltaic Cells iit 
Thermophotovoltaic Conversion , Progress Report, EPRI ER-478, February 
1977; Electric Power Research -Institute, ^ Silicon Photovoltaic Cells 
in^TPV Conversion, Prepared for EPRI by Stanford Electronics 
Laboratories, Stanford University, EPRI ER-633 (February 1978). 



o 53 

ERIC - 47 



OTA, supra note 10. \ 

Supra , note 44; Burt Solomon, JJjJith Photovoltaics, No- Quest'ion About 
Economics, .JuSt About Strategy,." The Energy Daily , Vol. 'S, Niimber 
240, 14 December 1977; ^ ^ > . . . ^ 

*■ . ^ 
Department of Energy ^ Division of. Solar Energy, National" Photovoltaic 
Program Plan , February 3,. 1978, 

; . . ^ ' . i . ~ 

Eric Willis, Acting' Deputy Assistant Secretary . for Energy Technology, 
Department of Energy, Before the Subcommittee on Advanced 'Energy . . / 
Technologies and Eiiergy Conservation Research," Development and Demon- 
stration, Committee on Science and Technology, U.S. House of Repre- \ 
sentatives, 27 January 1978; National Research Council, Renewable 
Resources for Industrial Materials , 1976. 

52m Eric Willis, supra note 51- . " ' ^ 

53. C*C. Burwell, "Solar Biomass Energy: Aa Overview, of U.S. Potential," 
Science , IQ March. 1978; Allen Hammond* "Photosynthetic Solar Energy: * 

, ^ ' Rediscovering Biomass Fuels," Science > 19 August 1977. 

54. G.C. Szego and CC. Kemp, "Energy' Forests and Fuel Plantations,". 
Chemtech , May 1973; Council on Solar Biofuels, Proceedings of a 
Conference on Capturing the Sun Through Bioconversion , 1976. 

55. Alan Poole and Robert Williams, '^Flower Power r Prospects for ■" 
Pho to voltaic;^ Energy," Bulletin of the Atomic Scientists , May 1976. 

' '-' ■ ^ « ' . ^ 

. . 56. E.S. Lipinsky, "Fuels from Biomass: Integration with Food and 
*^ Materials Systems," Science , 10 February 1978. 

57. A. Poole, "Energy from Biomas^s: A Conceptual Overview" , Institute 
for Energy. Analysis, Draft Final Report to .ERDA/APAE,- September. 
1977; T.B. Reed, "Status and Prospects gf Biomass Energy Research," 

' Solar Energy Research Institute,. Paper Presented at the American 
^ Physical/ Society Annual Me ie ting, Washington, , D. C. ^ 29 March 1978; 
.D. Hayes, supra note 6. ^ . - ' 

58. Supra note 56. . ' * / . ^ 

59^ Allen Hammond, "Biomass Conversion — A Rediscovered Source of Fuels," 
Paper Presented at the Interciencia Association/SBPC Symposium 
"Energy and Development in the Americas," Santos, Brazil, March 1978; 
Melvin Calvin, "Green Factories," Chemical and Engineering News , 
Volume 56, Number 12 (March 20, .1978). 

60. Xichael Antal, "Tower Power rProducing Fuels from Solar Energy, 
Bulletin of the Atomic Scientists , May 1976. , . 



ERIC 



61. Comnittee on Nuclear and Alternative Energy Systems, ^'Report of the 
/Solar Resources. Grotip," Febuijary 1977.- SRI, supra note 16. 

■ 62. Paul Bente, "Nev Concepts in Waste Utilization and Biomass," Bio- 
Energy Council (Washington, D.cp^ Paper Presented, to Energy Tedhqology 

. Conference and Exposition,*- February 1978. 

- : .. ■ • . *< 

• - ■ * ■ . ■ , •. 

• '63; ^Jlavtd^nglis, University of Massachusetts, "Wind an* Other Power 
' Sources , " (working- title) , book to be published by the University 
of Michigan Press, 1978; See also ^'Prognosis for 1978: Optimism 
for the Wind Industry, " Windletter, February 1978; Solar Energy 
i Intelligence Report, "Figley to Begin Testing Modified Savonius 
'Full Production Capacity Expected Soon,^' 13 February 1978^. 

* 

64! General Electric Space Divis-ion, Wind Energy ^S■ssion Analysis ,, ■ 

Prepared for Energy Research and Development Administration, 

v 76SDS4267,^^>February 1977. ' 

65. - ■ Supra note 64, and Marshal F. .Merriam, "Wind Energy Use. in the United 

States, to the Year 2000," , University of California, Berkeley, 
October 1977, ' • ' ^ 

66. William Met z, "Wind Energy: Large and Small Systems ^Competing," 
* Science , 2 September 1977. . • 

*67, ERDA, "Fact Sheet on Wind. Energy Conversion," Information from - 
ERDA , Vol. 3, No. 39, 'September 1977. 

68. Supra note 66. - ^ 

* ■' . * 

69. Supra note 67. ^ ' 

♦ - ' *i ^ 

70. Bureau of Reclamation, "Cost-Ef fective Electric PJower Generation 

from the Wind," Department, of the Interior, August 1977; Federal' 
Energy Administration, Task Force on Solar Energy Commercialization, 

- "Federal Wind Energy/Hydro-Electric Integration Initiative," Draft, . 
March 1977. ' . 

71. American Wind Energy Association, "Budget Planning Docxmerit," 
-Prepared for the Department of Energy, February 1978. 

72. -Center for Industrial and Inst i tat iOnal Development, "Low-Head/ 
■ Steal! _Hydro-Electric Workshop j^*^. University of New Hampshire, V.^^ 

September 1977; "Small-Hydro Power Starts a Comeback," Business ' 
Week, 20 March 1978. . ' 



ERIC • 



49 



73. Energy Research and Applications,' Inc. , "A Study to Determine the 
Resource Potential and Application of Aqua. Solar Energy in the U.S.," 
a proposal to the Electric Power Research Institute, l>alo Alto, . 
California (El Segundo, California: Energy Research and Applications, 
Inc., 1976). \ i 

74. Mitre Corporation, Regional Hydroelectric Reclainatioti^ l976. 

75. Supra note 4. . " 

76 • Supra note 73. ' ^ . 

77. Institute for Water Resoruces, "Estimate of National Hydroelectric 
Po\»er Potential at Existing bams," U.S. Army Corps of Engineers, July 
1977. ^ " ^ . ^ 

78. Letter from David R. Gambell, Hydraulic Engineer, Nev England Power 
Service Company, Wes thorough, Massachusetts to Jacques Gros, Council 
on Environmental Quality, February JL6, 1977; L^e Lescase, "Little 
Dams, Being Revived . as Power Source; Big U^lities Balk," The Washington 
Post , 11 M^rch 1978.. - 

79. DeMrtment of -Energy, "DOE to Solicit Proposals for Feasibility Studies 
oFbmall EiectrlQ Sites, "DOE Information ,- Volume 1, Number 11, 23 - 
December 1977. ^ 

80\ J.H. Killian, G.L. Dugger and J. Grey, supra note ^7. 

81. Personal" Communicatioa, Sigmond Gronich, Departme- .>r ^nergy, ^ " 
March 1978. ^ 

82. CONAES, supra tiote 61. 



;83;. Supra note 81. • : 

■■ , - - . . \ ■ 

84 . ^Energy Research- and Development Administraticr , "Solar .Program r-^sessment 
\. Environmental Factors^ dTEC ERDA 77--4778, Ma^-h 197.7. 

85. Energy Storage Systems Division, Program Overview , Department of Energy, 
Review, Draft, December 19f7. ^ . ' . ^ 

86. George Pezdirtz, "Energy Storage Systems," Department of Energy,! 
Presiritation tci. the Sub conmit tees Staff on Energy R&D, Energy &\- . 

"- Natural Resource Coimnittees , 25 November 1977. ' \^ * 

" 87 . Ibid . ' . 

88. Supra npt.e 85. ' ■ - :/ - ■ ' . 

89. ^Supra, note 85. 



\7.' 



ERJC • A ^ \ . : - 50 - , 5 



90. Supra note 4, p. 75. 

91. Status of energy legislation based on "Fact- Sheets" published by 

the Environmental Study Conference, March 2 and 6, 1978. ■■ 

92. Office of Technology Assessment, Analysis of the Proposed National 
Energy Plan , August ^9 77; Gneral Accounting Office, An Evaluation 
of the National Energy Plan , EMD-77-48,' July 25, 1977. ^ 

93. "A Smaller Tomorrow: Adjusting to -the New Limits on Nucleaf Power," 

Gus Speth, Council on Environmental Quality, Before the ALI-ABA Conference 
*on Atomic Energy^ Licensing and Regulation, September 29, 1977. 

94. A. Lovlas, supra note 5; F. von Hippel and R. Williams, supra note 
, 6; OTA, supra note 10; W. Metz, supra note 27; A. Hammond, supra 

notev;53; A. Hammond and W. Metz, supra note 30; supra notes 32, 44; 
William Metz, "Ocean Thermal Energy: The Biggest Gamble in Solar 
Power," Science , 14 October 1977; Bio-Energy Seminar Conferees, 
''Designing an Intensified National Biomass Energy Effort," (Washington, 
. D.C.: Bio-Energy Council, 1977); Congressional Record , "Development/ 
. of Alternative Energy Sources," page S 3932, 16 March 1978. -See 

also: General Accounting Office, "The Magnitude of the Federal Solar 
Energy Program and the Effects of Different Levels of Funding," 
EMD-78-27, 2 February 1978. William Metz, "Wind Energy: Large and - 
Small Systems Competing,'' Science , 2 September 1977. The DOE has 
recently completed a study which finds that "(s)ome significant: ' " 
changes in emphasis in the allocation of resources for selected" 
technologies are called for." See: A Review by the Solar Working . 
' Group (Formerly the General Advisory Committee), "Solar Energy . 
Research and Development: Program Balance," Advance copy pending- 
printing (February 1978). - ^ r 

* ■" ■ . . 

95. Supra note 4,' p. 29. ^ . ; / ./ ' V . 
.^6. D* Chapman >/ supra note 12. * . . " - / ' 

97. Anil Agarwal, '""Solar Energy^>and the Third Werld/' Ne^ Scientist , 
9 February 1978;- Horman L. Srown' and James W. Howe^ "Solar. Energy 
for Village Development," Science ,* 10 February 1978;. A. Lovins, 
supra note 5; OTA, supra note 10^ James E. Howe anjl William Knowland, 
"Enetgy for Rural Africa: The Potential of Small-Scale Renewable 
Energy Techniques," Focus: Technical Cooperation , 1977; National 
Academy of Sciences, Energy for Rural Develppment — Renewable 
Resources and Alternative Technologies for Developing Countries , 
.. Report of the Ad Hoc Panel of the Advisory Committee on Technology 
. . Innovation, Board of Science -and Technology for International Develop-^ 
ment-. Commission dp International Relations, 1976; Arjun Makhijani,, 
'"Solar Enetgy and Rural T)eve'lopment for the Third World,." Bulletin 
^ of the Atomic Scientists , June 1976r A. Hamiilond, "An International 

V. Partnership for 'Solar Power, " Science , 12 August 1977; Russell J. 
de Lucia' and 'Pet-er Pf/Rogers,'*' "Report on the .Brookhaveri/USAID Work- 
V shop on Rural/Domestic Energy Issues-January 5 and 6, 1978," (Cambridge: 
Meta. Systems Inc», 1978). . ' ^ , j ^ 

ERJC ' ■ ■ ■ ■ . ^ ; , ' .'• : j5i 57 • • 



98. Douglas Smith, "Photovoltaic Power in Less Developed Countries," 
Lincoln Laboratory, Massachusetts Institute of Technology, COO- 
4094-1,24 March 1977; A. Hammond, supra note 97; Denis Hayes, 
Energy for Development: Third World Options , WorldWatch Institute, 
Paper 15 CWashlngton, D.C. : WorldWatch Institute, 1977). 

99. ERDA, Division of Solar Energy, National Plan for Solar Heating and 
' Cooling (Residential and Commercial Application) , ERDA-23A, 1975. 

100. Federal, Energ3?^AdmlnistraticwL, "Solar Energy Government Buildings - • 
, Project —Policy/ Implementation Plan", Prepared by Mitre, January 

1977. For an analysis of the use of. solar heating and cooling in the. 

residential' and commercial sectors see: Federal. Energy Administration, 

Task Force on Solar Energy Commercialization, "Solar Heating, and 

Cooling of Buildings (SHACOB) Commercialization Report," Part A 

(Options and Strategies) and Part B (Analysis of Market Development), 1977. 

101. ' BDM Corporation, POD Photovoltaic Energy Conversion Systems Market 

' Inventory ^and Analysis , Spring 1977. 

102. Federal Energy Administration, Task Force on Solar 'Energy Commerciall- 
' " zatlon. Preliminary Analysis on an Option for the Federal Photovoltaic 

Utilization Program , 20 July 1977; See also: Department of Energy, 
"An Analysis of - the Potential Indus tiy /Market Impacts. of the Federal - 
Photovoltaic Utilization Program", Prepared by BDM Corporation-, 
27 October 1977, BDM/W-77-486-TR; Department of Energy, "Draft 
Interim Report for the Program to Develop a Preliminary Implementa- 
tion Plan for the Federal Photovoltaic Utilization Program and A 
Preliminary Commerciaiization Plan for Photovol talcs j" Prepared 
by BDM Corporation, 20 January , 1978. ' . 



it vs. COWPB U gWT WmtTlWC OfFlCE : 1W« O-~£S7-204 




. J 



